INTRODUCTION
Jatropha curcas L. has unisexual, insect-pollinated monoeceious flowers, and shows protandry, however, hermaphroditic, self-pollinated flowers may occasionally occur (Kumar and Sharma 2008) . It is a species of great importance due to its multiple use . It was first introduced in Brazil to be used as hedges, and for small-scale oil production (Rosado et al. 2010) . However, faced with the need for alternative sources of cleaner energy, and to the high energy demand required by the population, the interest in Jatropha cultivation has increased, since it is a promising culture to be used in biofuel production (Ong et al. 2013 , Spinelli et al. 2014 , Laosatit et al. 2017 . Despite this, there are few studies on the breeding of this culture, since this species is under domestication.
Thus, aiming at the implementation of a breeding program of Jatropha in Brazil, researches have focused on the implementation of germplasm bank (Laviola et al. 2012a ); on studies on genetic diversity (Rosado et al. 2010 , Wen et al. 2010 ; and on estimates of genetic parameters (Laviola et al. 2012a , Santana et al. 2013 . Estimates of genetic parameters are important in the orientation of breeding programs, since they support the selection process, and serve as reference for the understanding of the genetic structure of the population, in order to use it in a more accurate way in the breeding program (Rosado et al. 2010 ).
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Concomitantly with these studies, parents selection is crucial. This step must be carried out very carefully, since it does not ensure the obtainment of progenies with high genetic potential when it is based only on desirable agronomic traits. Thus, diallel crosses is a technique that assists the choice of parents, aiming at improving accuracy in selection. This methodology selects superior parents based on the genotypic values, on the general combining ability (GCA), and on the specific combining ability (Cruz et al. 2012) .
Diallel analyses estimate parameters that are useful in parents selection for hybridization and in the understanding of the genetic effects involved in the determination of the traits. Among the commonly used methods, the model of Griffing (1956) stands out for estimating GCA and SCA. The first refers to the performance of a parent in a series of crosses, and is associated with additive genetic effects; the second refers to the performance of specific hybrid combinations in relation to the parents means, and is related to the dominance and epistasis effects and several types of gene interactions. Moreover, they inform about the importance of reciprocal and maternal effects, and about the capitalization of heterosis (Cruz et al. 2012) .
Although diallel analyses are useful in the understanding of the genetic basis of traits and in decision-making regarding the parents and the promising hybrid combinations, there are few reports related to this technique in Jatropha (Biabani et al. 2012 , Santana et al. 2013 , Islam et al. 2013 . Therefore, the objectives of this study were to estimate the general combining ability (GCA) and the specific combining ability (SCA) of the parents used in the crosses, and to verify the existence of maternal effect and of inbreeding depression.
MATERIAL AND METHODS

Experimental area
The experiment was carried out from 2010 to 2015, in the municipality of Planaltina, Distrito Federal (lat 15° 35' 30'' S, long 47° 42' 30'' W, alt 1007 m asl). The climate is tropical with dry winter and rainy summer (Aw), with average annual temperature of 21 °C, relative humidity of 68%, and average rainfall of 1,100 mm/year. The soil is classified as Oxisol, with high clay content. The soil of the experimental area was corrected with limestone to raise the base saturation to 60%. At planting, 400 g per plant of superphosphate were applied to the soil. After planting, 200 g per plant of 20:00:20 fertilizer formulation were applied, which were divided into three applications at 30, 60 and 90 days. The experiment was carried out without irrigation. Management practices were based on Rosado et al. (2010) .
Experimental design and traits evaluated
Crosses were carried out in March, 2010, in a complete diallel scheme, totaling three selfings and six hybridizations. The experiment consisted of randomized blocks design, with five replications, and three plants per plot, spaced 4x2 m apart. Three genotypes were used in the crosses, which were selected in the germplasm bank, with the following characteristics: small size (CNPAE-107), high grain yield , and resistance to powdery mildew (CNPAE-259). Only three parents were chosen, since they represent all the genetic variability for the most important agronomic traits in jatropha in Brazil. The seeds of the crosses obtained (F 1 s) were sown in January 2011.
The following traits were evaluated: plant height (PH, m), stem diameter (SD, mm), canopy projection between rows (CPB, m), canopy projection on the row (CPR, m), number of branches (NB), mass of a hundred grains (MHG, g), and grain yield (GY, g plant -1
). The traits PH, CPB, CPR, and NB were evaluated in the third year after sowing (2013); SD was measured in the first year (2011); MHG was measured in the fourth year (2014); and GY was evaluated in the fifth year (2015).
Genetic-statistics analysis
Initially, analyses of variance were carried out for each trait, according to the model:
is the valued measured in the plot, analyzed for the i-th genotype, in the j-th block; μ is the overall mean; g i is the effect of the i-th genotype, considered as fixed (i = 1, 2, ..., 9); b j is the effect of the j-th block, considered as fixed (j = 1, 2, ..., 5); e ij is the effect of the random error associated with the ij observation with ~NID (0, σ²).
The quadratic component associated with the genotypic effects (φ g ), with the environmental variance (σ 2 e ); as well as the quadratic component associated with phenotypic effects (φ f ), coefficient of genotypic determination (H²), selective accuracy (Ac), coefficient of genotypic variation (CV g ), coefficient of environmental variation (CVe), coefficient of relative variation (CVr), given by the ratio CV g /CV e were obtained by analysis of variance. Subsequently, means clustering was carried out for each trait by using the Scott-Knott test.
Diallel analyses were carried out according to the model 1 of Griffing (1956) :
which Y ij is the mean value of the hybrid combination (i ≠ j) or of the parent (i = j ); μ is the general mean; g i and g j are the effects of the general combining ability of the i-th genotype or of the j-th parent (i, j = 1, 2 and 3); s ij is the effect of the specific combining ability for crosses between parents i and j; r ij is the reciprocal effect that measures the difference provided by parent i or j when used as male or female in the cross ij; and e ij is the effect of the mean error associated with the ij observation with ~ NID (0, σ²).
In this model, the g i effect was defined as: i ranging from 1 to number of genotypes (nine), since the diallel analysis was performed using the experimental unit mean (three plants per experimental unit). Also, it was considered s ij = s ji , r ij = -r ji and r ii = 0. From this model, estimates of general combining ability (GCA) and of specific combining ability (SCA), reciprocal effects, and quadratic components (Φ) were obtained. All statistical analyses were carried out using the Genes software (Cruz 2013) .
RESULTS AND DISCUSSION
Genetic parameters
The estimates of genetic variability (φ g ) were higher than the estimates of environmental variance (σ 2 e ) for all traits (Table 1) , which reveals predominance of genetic effect. Estimates of coefficient of genotypic determination (H²) obtained for all traits can be considered high (> 70%), since they result from polygenic traits, which are governed by several genes of little effect on the phenotype. The square root of H² reflects in the selective accuracy statistics (Ac), which indicates the quality of the information and of the procedures used in the prediction of genetic values. This parameter is associated with the precision of the selection, and refers to the correlation between predicted genetic values and actual genetic values of the individuals (Resende and Duarte 2007) . Thus, the genetic values predicted for the population are reliable due to the high estimates of Ac for all traits.
For Cruz et al. (2012) , the experimental precision is high when the estimates of the coefficient of environmental variation (CV e ) are lower than 20%, as in the present study, except for GY (CV e = 28%). Borges et al. (2014) found CV e of 29, 39 and 39% for GY in the first, second and third year of Jatropha production, which was similar to the values observed in this study. Estimates of CV e obtained in this work are in accordance with those reported in other studies on Jatropha (Laviola et al. 2012b , Borges et al. 2014 , Ramos et al. 2014 , Spinelli et al. 2015 .
The coefficient of genetic variation (CV g ) quantifies the proportion of the genetic variability available for selection (Cruz et al. 2012) . The ratio between this parameter and CV e results in the coefficient of relative variation (CV r ). Thus, the values obtained from CV g provided CV r superior to 1 for all traits indicates favorable situation for the selection of 
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superior genotypes in the population to be obtained from crosses.
The genetic variability reported in this study indicates the possibility of obtaining gains with selection in populations, and proves that the chosen genotypes are contrasting among each other, as observed by Rosado et al. (2010) , at molecular level.
Diallel analysis
Diallel analysis made it possible to know the performance of the parents among each other, their hybrid combinations, and the nature of the reciprocal effect ( Table 2) . Estimates of general and specific combining ability, besides the reciprocal effect, were significant by the F-test for all traits, except for GCA for canopy projection on the row (CPR). These results indicate the existence of additive genetic effects, non-additive genetic effects, and/or cytoplasmic effects of female genitor involved in the control of the traits.
However, when evaluating the quadratic components (Φ), dominance effects (Φ sc ) were superior in the genetic control of all traits, which indicates the existence of differences in the gene compositions of the parents used in the study. When higher estimates of Φsc are observed in relation to the others, the parents are divergent for most of the loci in dominance, and the heterotic manifestations exhibited by these crosses may result from genetic complementation between the loci that control the evaluated traits.
Therefore, these results suggest that methods that prioritize the capitalization of heterosis must be used in order to : significant at 5% probability by the F test, respectively; SV: source of variation; GCA: general combining ability; SCA: specific combining ability; Φgc, Φsc and Φrc: quadratic components of GCA, SCA and reciprocal effects, respectively. improve the population for these traits (genetic dominance and divergence). Moreover, reciprocal recurrent selection should be used to improve the intrapopulational hybrids.
Genotypes 107 and 190 presented positive GCA estimates for GY, and negative estimates for PH (Table 3) , and can be considered good alleles donor to increase GY and reduce the size of Jatropha plants, which are two of the main objectives of the breeding program of this culture. Genotype 259 stood out with positive GCA estimates for all traits, except for GY, whose value was negative. GCA estimates provide information on the concentration of predominantly additive genes, and their effects allowed the identification of parents to be used in the obtainment of the population for selection. By analyzing these estimates, the favorable alleles for the evaluated traits are dispersed among the parents, and some reciprocal recurrent selection cycles may be necessary.
Another strategy to be used in the populations is the indirect selection, due to high estimates of R 2 and Ac for all traits. Similar results were reported by Santana et al. (2013) , who identified two genotypes with favorable alleles for six and four of the eight evaluated traits in diallel crosses of Jatropha. Moreover, Biabani et al. (2012) obtained GCA estimates that allowed identifying a parent effective for vegetative traits (PH, SD, and number of leaves), probably due to the high genotypic correlation between them.
SCA refers to the deviation of the hybrid's performance in relation to what would be expected based on the GCA of their parents. The SCA effects suggest the presence of non-additive interactions resulting from allelic complementation between the parents, enabling the improvement in the estimate of the genetic gain by exploring the heterosis with the use of different crosses. However, by observing the four most promising crosses, based on GY, two of them are derivative from selfing (259x259 and 190x190), which suggests the absence of inbreeding depression for this trait.
The crosses 259x107 and 107x190 also proved to be promising for the obtainment of populations based on SCA estimates for GY. These results were expected, since Rosado et al. (2010) had already observed genetic diversity at molecular level between these genotypes, which were clustered separately. The conduction of segregating populations from the cross 259x107 can be a favorable strategy for Jatropha breeding, since it enables the selection of genotypes of small size, with high grain yield, and which are resistant to powdery mildew, a disease that frequently occurs in the Brazilian Savanna. In addition, this cross combines parents with high GCA estimates for all traits, making it easier the selection of superior populations.
Comparison of means
Plant height is an important trait in the choice of the most appropriate spatial arrangement for planting, since Jatropha can exceed 5 m height. Thus, the breeder's efforts focus on selecting plants with small size for easier harvesting. Therefore, the selfings 107x107 and 190x190 were the most promising for PH reduction. Moreover, the hybrid formed by crossing the parents 107 and 190 and the selfings presented high mean for GY by the Scott-Knott test; thus, they formed the cluster with high GY (Table 4) . Teodoro et al. (2016) observed that PH presents negative cause-effect relation with GY, suggesting that self-pollination of these genotypes may have contributed to the increase in the frequency of favorable alleles for the increment of GY and to the reduction of the size. (Teodoro et al. 2016) . Thus, indirect selection based on these traits can be carried out with the cross 259x107, which was also present in the cluster of higher GY. Also, as previously stated, the genotypes obtained from this cross presented small size, resistance to powdery mildew, and high grain yield. The crosses 190x107 and 107x190 may also be considered promising for the obtainment of superior populations, since they had high means for GY.
Therefore, by observing the cluster of genotypes with higher GY, almost all of the genotypes come from crosses with genotypes of high GCA for this trait (107 and 190) , which reinforces the need of including these genotypes in future recurrent selection cycles for the obtainment of populations. Other relevant information for Jatropha breeding program was the high GY obtained by crosses derivative from selfings, which indicates the absence of inbreeding depression for this trait in Jatropha. However, this trait must be evaluated during the advancement of selfing generations before generalizing these results.
Therefore, since parents were chosen by molecular diversity previously reported (Rosado et al. 2010 , Bhering et al. 2015 , and based on all the results found in this study, the next step in the Brazilian jatropha breeding is to select superior individuals formed by the crosses 190x107, 107x190 and 259x107, and use them for the next breeding cycle, aiming to improve grain yield and reduce plant height.
